: Petri net refinement is a transformation by replacing a simple entity of a system with its functional and operational details. In general, the refined system may become incorrect even if the original system is correct because some of its original properties may have been lost or some undesired properties may have been created. For systems specified in an expended Petri net, this paper proposes conditions imposed on a kind of transition subnet refinement under which timing, functionality and reachability will be preserved. Such results can be applied nicely to solve design problems in intelligent building and also enhance the property-preserving approach and characterization-based approach for system verification.
INTRODUCTION
Transformations, such as refinements, synthesis, reductions, etc., are often applied on Petri nets in order to develop a correct design specification. One of the difficult tasks, in this process, is to verify that the transformed nets possess certain desirable properties.
There exists an approach for such purposes in the literature. In this approach, the original net is assumed to be satisfying some properties and the transformation is required to preserve these properties in the transformed net. This approach is called property preservation. The advantage of property preservation is that the transformed net is automatically correct without the need of further verification.
Refinement is an important transformation. This paper investigates a special type of refinement for PRES+ [16] and its property preservation.
In the literature, As for refinement method, Lakos [1] defined three types of refinement for coloured Petri nets: node refinement, consisting in detailing the behaviour within a place or a transition; type refinement, which addresses the refinement of datatypes handled ; and subnet refinement which allows for the addition of a connected subnet. Völzer [2] studied the robustness of fairness notions under refinement of transitions and places in Petri nets. Choppy [3] used Coq theorem to prove the refinement relation between two Petri nets, both formally and automatically. For systems specified in pure ordinary Petri nets, Huang [4] proposed conditions imposed on several types of refinement under which 19 properties will be preserved. Xia [5, 6] proposed a kind of pp-type refinement and a kind of tt-type refinement for P/T Petri nets, and proved that these two kinds of refine-*Address correspondence to this author at the School of Computer Science and Technology, Shandong Jianzhu University, Jinan, P.R. China; Tel: +86-531-86361302; Fax: +86-531-86366705; E-mail: chuanliang_xia@126.com ments preserve some dynamic properties, such as boundednes, liveness and reversibility. Peuker [7] defined transition refinement for Algebraic Petri nets and studied how to prove that a replacement of a transition is a transition refinement. Cheung [8] proposed a refinement method for eliminating duplicate labels from a labeled net while preserving the original firing sequences (event sequences). Ahmad [9] introduced a refinement method for modeling parallel manufacturing system. Ding [10] proposed a stepwise refinement method which preserve language properties. Cabac [11] proposed a method to design a complex dynamic system at different levels of abstractions using refinements of net models. Chemaa [12] proposed an expressive object-oriented Petri net based algebra that succeeds in the complex composition of Web services, and gave a refinement operation which permits to replace certain operations of the service by more detailed ones. Köhler [13] described a special kind of Petri nets that can modify their structures via dynamic refinement of transitions. A reconfiguring process of a manufacturing system model is developed by using colored timed objectoriented Petri nets [14] . Petri nets, object-oriented methods and stepwise refinement ideas are integrated together in this model.
In order to improve verification efficiency, we proposed a set of reduction rules for PRES+ ( [15] ). In order to model large systems, a refinement method is needed. In this paper we will propose one kind of refinement for PRES+ , and prove that this refinement method will preserve some important properties, such as reachability, timing and functionality.
The rest of the paper is organized as follows. The basic definitions of PRES+ are presented in Section 2. Then, the refinement representation method of PRES+ and its property preservation are presented in Section 3. Afterwards, a modelling example is addressed in section 4, where we will use the refinement method to model a temperature controller of Fire Protection System (FPS) in intelligent building. Conclusions are finally discussed in Section 5.
DEFINITIONS OF PRES+
In this section we will quickly review key definitions. A more general discussion on PRES+ can be found in [16] . Definition 2.1 [16] A PRES+ model is a five-tuple N = (P,T , I,O, M 0 ) where, P = {p 1 , p 2 ,..., p m } is a finite non-empty set of places; T = {t 1 ,t 2 ,...,t n } is a finite non-empty set of transitions; I ! P " T is a finite non-empty set of input arcs which define the flow relation between places and transitions; O ! T " P is a finite non-empty set of output arcs which define the flow relation between transitions and places; M 0 is the initial marking of the net. (i) Tokens from its pre-set
• t are removed, that is,
is added to each place of its post-set 
DEFINITIONS OF EQUIVALENCE
The following definitions introduce basic concepts to be used when defining the notions of property preservation for systems modeled in PRES+. (ii) The initial markings M 1,0 and M 2,0 satisfy
and vice versa.
, and r 1 = r 2 , and vice versa.
REFINEMENT OPERATION
In this section we propose one type subnet refinement operation for PRES+. This operation preserves equivalence. At the same time, desire properties, such as reachability, timing and functionality will be preserved. 
Definition 4.1 [16] A transition
then N 0 is said to be a subnet of N . 
(ii) There exists a bijection f out : We consider the net N . Transition subnet 
, where
Suppose that ' N is obtained from N by transition sub- 
APPLICATIONS
In this section we apply the results of Section 4 to model an intelligent temperature control system of Fire Protection System (FPS) in intelligent building.
In Fig. (1 o , the pre-alarm signal is delivered to the alarm control panel. If temperature T >= 60°, the alarm signal is delivered to the alarm control panel.
In Fig. (2) , t K 3 ,t K 4 : press modify button; t add 3 ,t add 4 : add number 1; If a > 9 ( b > 9 ) , then a = 0 ( b = 0 ).
